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SAME 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a projection 
aligner which appropriately prevents ununiform 
illuminance, due to a wave front separation type optical 
integrator and satisfies uniformity of illuminance and the 
constant numerical apertures on the surface to be 
irradiated at the same time. 

SOLUTION: This aligner is provided with a light source 
means 1 for supplying an illumination light, a multiple 
light source formation means 5 for forming a number of 
light sources by using light fluxes emitted from the light 
source means, and a condenser optical system 7 for 
leading the light fluxes emitted from the light sources to 
surfaces 10 and 12, to be irradiated or a surface 
optically conjugate with the surface to be irradiated. The 
microlens elements in the wave front split type optical 
integrators 51 an 52 as a multiple light source formation 
means has at least one refractive surface, that is formed 
nonspherical symmetrically to substantially parallel axial 
line to a reference light axis AX, in order to obtain an 
almost uniform luminance on the surface to be irradiated. 
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-f ?!7;W>'X^U'— * (5 1, 5 2) $><D&m>hl'>X 

at?%M (ax) tcjtuT^KWfcT^wfttfcia 
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t, 

MLT)lt»i^ffl«li:M?n/': / >a< IOCS 
[!W?3t2] ME«lB*WJS*^-f*;W>x^U 

fs^r^ n * fc -r % ^»©-&j«ft^3£«:*f u 
«iE^«ii«tejgj«*nfc^a< fcfe 1 o©®#T®tt, 

fci&lc, mjfe©^®ttte^J*2nT^SCfc£1$«k 20 
- * OAJ*«lfc»W bT, MIBttSBfttffiJhlc tttt * f&SE 

l^SC t*W@Lt-?2>m^ 1 *fctt 2 fcEtg©?,^^ 
MWOK 4 ] irtSaSiB^MWS* 77-<r*iMl/7-4n> 30 

», wBa»wwinc»-3 TB«*BTTE«a nfc 
4>a < fc t> 2 oodmyioR^w u 

bSE'>& < fc t 2 o©rt¥gfRJfctt, fifflE20$ffitt<Wt 

¥B5**rrs d fc*qfafc"rsw*3i 1 ©v-rn 
n^nfl<iEiii«tc»oT»js-r*^a < fc & 2 o©?8/h 

tuEl^&ft^*©^T©ft^[Btt, 5flcntt1£R 

^*-r§i^ffiwc^figanTi/^iifc^:#Mfc-r^M 40 

6 ] h3E4>& < fc t. 2 cWft^gfRS^iSV 

fcSrwafc-rsBi** 4 sfctt 5 tefB«e<oraw3t*« 

Bo 

7 ] «MEBffi#»l3a* a ; W >r ^b 
-2tt, 1 0 0 0JW±Ofi9IB«tta*W-rs C fc*«r«fc 

Bo 
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BtjfSvx^^^B^-r-src&osi^ 1 tss 7 ©i^-fn^ 

1 «{clBKOSS0m^Bfc> 

ME ^ x * ©7S * - tuIB 7- * ±'\»«B)tr § fc 
&©&i£ft¥?Kfc3H»x., 

* « 6 fc« * t ^ * c k *wa fc -r * &Bmytmmo 
[0001] 

ft $ fc »*» gajj**^ ^sa^-r « j»t 

[0 0 0 2] 

»^nfc$E^ffl©^^-V^ Si^^LT^ 

tt, 3t**>6*#ai*nfcJtJR«'7'7-Y7'-l'b>XteA« 
b, *©1t«^jSffite^»03tW«**6a*^350tiS* 

m«0^aB©3fifilH:EBanfcMPiK 5 ^^LT^JPS^ 
[0 0 0 3] ny-rVif- bVXKJ:9*)t*nfcJtJll 

tt s m^©-' — nfc-rx ^ *sge<jic pasj 
•r*. ^i'©/^- ^jgjfibfcfttt, ta»3t*3R* 

iff - 1 >i^±{clE5i{cf5¥-r S ictt •> x/n±(c 
[00 0 4] 5fi^tc*3t>Ttt, 7^^7^b>X©*ftb 

WJcEBsnftMnaooHnw (Jtaaw) ©*^a 

5r^{b?^-l>Cfc{C«fct), 79W7-YU>XKJ:t>»J« 

W± o *=a8W)t^3fi©l*tb«BllPft/a»Jt^3R<DA 
fc, :77^7^b>X©t*toftiJtcEB£nfc^P$£D© 

F,ipgi5©^«^fft^«^rao^« (-ra^-B 4 ic 

V^o 

[0 0 0 5] 
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^{WRttili«*2n5i^KS:oT^«. "I" ft to "5, 
[0 0 0 6] Bft««rt*cfettSSftK*«9— ■eft''''* 

^ -rato-6!afi^B)t«*rt<ottiifctt#^Tas{t-r 

B3W*W9— te*t). ^-Ofc^BttttBS-t « 

n s * - >©*MBaw9— fc ft * o 
[0007] — ittfc, «3iw)ta»B3tea«teffl^6ti* 

bit, m^MWc^xm^^mn^i^tcif^-c 

[0 0 0 8] #£MI!t4* *J3S©W«fc:B*Tft2ftfct> 

W3t#at«*B a feKKBJtaB^aw-r « c a * § « 

[0 0 0 9] 

BBlfifiS fc ttBfWSWiB fc 3W«fc«S ftffi^* < ft 
[0 0 10] Ui/^tCinU HufHiSB 



4<ttl oo®#riBtt» MIB*^^Rtefe»*3V 

[0 0 1 1] *«WO»Sbt">««»cJ:ntf, SO 

mis Efaffiftmm* ff- << is x *~ u— * i: 

^{fiB-^to-^-T * fc&OffiB^to-e^-ia^m T 
t^CtWSU^. B&fBfiLfi'&to-fcH?© 
NufB&cgtftiJ^*:/^ A;HVf^b-?(c»« 

[0012] ^e»{c, ^awojffSb^ffiatititfx 

MfB^S^tiffi^-^xf *;HVfyu-^tt, HufBS 
©Jfc*ElR5ll**iU tufB'>ft< tt200)tfSM 

©t§^ WiB^ft< 2o©7t¥Sis*^ ^nen 

[0 0 13] Sfc, *SKBO»Sbt">!g»te«tn(f, ffi 
IB'>ft <tfe2 oc^S^^^rSt/^cffiB-a-to^-r 
fc&©ffi«^to^#fia*«ATl^SCfctfj8FSUr\i £ 
SWBffia^to^ati, *ulB'>ft< tt2oo 

> r ^* U- * © A Wfl'Jfc U T , *HK«Ba»iB± 

MfB'>ft < 1 1> 2 oOft^jRI fc*HB7 ^ 71/* k ^tt 

«-&to-e-r*fci6fi:, tuiB7-f;i/^^ffM^nrc75-r 
m 7 wfnfr i mzmm<Dmmyt¥%imt, tuia^x 

^<0^<*-V«r«iE!7-^±^tft»B3trsfcAOJ9IB 
[0 0 1 5] c©if£> SWB!SWJt¥»B©ia3i«>5£« 




[00 16] 

(l) tc^-rMKM^rtSt-^chT'feSo 

Y = Fsin0 (1) 

[0017] fejsu ^awfcbfe^dBaw^sH 
[0018] LftTb^T, a^ryy-xmzkcDMBm 

t&tfW&Vtf. (1) 3&SISLT^'S*&, 77-l , 7'TL' 

tani6itf$So ubt«fctK s£ (O ic7f& fsmeo 

; W V-r y U- * % ffl t \ 1^ > 7^fR#»*ft$i 

[0020] d©<fc?fc: % #H/M^>XH 
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v^T, **BiRg©«£«:fi#»i:a)*.SJ£tt"efc<x IE£ 

3 £ £ <£ ^ T 3 iRM<D?8 £ 
tefflHtSCfctf-PSTSo &ytMBfi&WMZ& 

T?#£o 

[0 0 2 1 ] LftAST, *«^OfS^3t*«««rlii» 
tcMfc-rc Z<DS£M. affftBJtt^fcffOt' 

tern*, smmr?, «aa^*?. wm»«^y k«) 
[0022] *f€w©nss^^^ mttmmc&-3^T 

20 KiWr*o 0 l »±. *«9IOll«l»IRH:*^*sai«)t* 
So ■ 1 T*«, SiW^SSIWiHlton^BRW* 

^ aaw^t) ^r««s-rsfci6©^ii i ttt, fct^ 

(J2 4 8 n mSfcti 1 9 3 n m<D^.mc0^m^air 51 

30 [0 0 2 3] ^6$fiAX(i:«i-oTJ 1 63lJia52^A*tbfc7t 
mt±. 75^— 2 0 0 ZftMt^— 757 

-2 o 0T*^JW?ns^5Rk^«ijsnSo 

-2 0 o-T»s*fsnfe)t*»i. fct^tfje^JBttoasE 

OtcISo S®?tK«ri UliSfc^c^N— 7=7- 2 0 0 

7-2 oo*aabfcw*i:rau)tWAxn:»oT«ai 
40 Bftgmtn*. 

[0 0 2 4] C 3 LT, 7tilEgl5 2{CJ;»3, jt$d)AX{c 
S^SSSSt±, 3Vi-U>h3t»1^6<0)t«OI«lffl» 

pr z F^ffiStti±^ia^^<it"^So Lfc^-pT, ftsi® 

SP2(CJ: t>^flJ^n«ffiatC«5^T3 b>->— (Rl 

^T.^-y^;KDl?^S»»i:SP^SJik^T'^So a 
so fc, x^v*;V©58£*SJ?fcffli*.3fc:tt, ±ai©J:7 




(5) 



7 



*J:tfffffltt, Jfck*.li1WFl - 1 98 7 59^ 
$B> IfFsW 1 1 - 1 7 4 3 6 5#£SB, «FJS¥ 11-2 

i 59 mmmwtsxzsmm^^cr^^nr^^o 
coo2 5] ytm&^2^itLx^mm^>^\^-iy 

yt&m? (doe) 3 ncA*f-rso — @»f3t^ 
*^rrs«»3ttjRfi:sE»"r*«, ^c5t, affirm? 

[0 0 2 6] EHWtt¥JlS?3 1 :fcrt-bfcP3»tt©8tfcte 

mt. mi oayf^-jiawttToX-iuyX 

4 fcrt-bfc^, — jtfOV-i'* 0 7^7-1' 5 1 *5«fctf 5 20 

[00 2 7] ft£k ^^075^7^ 5 1 ©A*fB*5 

5 10AlfI*J:^^077^7-l'5 2©l*fflffifc: so 

SJcStcfc^^^Sc-pfctbTt, Sini^icfi 
g^-emn^n*:— j^o?'fi'D77'i'7'f 5 1 *5£ 

t/5 2 , -MO*^-^7X5 3* 

.fctf 5 4 K»%3»tntfJ:^. 
[0028] 0 2 t±„ 01 ©^TfcMff^^©^^ 

•riffeot, (a) tt^AXfcjfto-rjafc*^* 

D77>C7>('<DiBli%fNt@T'fc(J, (b) 

So ^^077^5 1 *5<£l>* 5 2&±5WC|H] b 
a*«J«%*b, 12 (a) *5«fctf (b) IC^-Tid 
fc, tfflWfcfioi8fBK:E?iJSnfe^»<D5€^ttOiE®«f 

Tj^-rsfi&'hbyxsiRs 0 o*^*ii)t#ift* 

So ^^D77^7^ 5 1 *itf52tt, lETJ^tt 
Offifffl^7X«5 0 1 fcx-y^y^'flPISrStSbTH 
}g*?flD^ 5 0 2 icWl^yXM^Bf^t^ £ tlcX-o 

[0 0 2 9] -fete, 7^i/D77^7^ Gt^gJR 
SO fc^-f S&flS'hbVX^ so 
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It, 77l , 7l' bVX^MtSSUVXxU^ y h J; 

HUfe £ tl fc b V Xx 1/ h *)> P, fc; S 7 5 7 -f b > X 
fcttR&tK ^SOffc^bVXSSBtfS^fcfiMftSttS 
£fc*<-{*Wfc«dt£*i.T^*o bfrb&tf£, IE® 

iff * si/vXxwvh #*fiag(ciEB£ nr i/ ■> s 

jSf^*D77'f7'ftt77'f7^l/yXi:Hi; , pa5 

So 01 ^^tfmzx'it, mm<Dnnm<t<Drcisb 

Ic, v-C^D77>C7-f*««-r*«/hb>XSiRO» 
[0 0 3 0] UA^T^ — *fOT-f ^D7^-<7-l' 5 

i *3«fct>*5 2icxM^tz%m&, &n<Dm'bisy%sm 

fC*Dll^7cWte»«l?n*o ^bT. 0 2 (b) fC*5 
^TH»-PSVr«t3»«:. -Mff)^i'D77'f'7i'5 1 
*5 <fc Xf 5 2 fc *3 t ■» T 7t$S A X tc Jft o T »JC"T * — WO* 
'hUVXliS 1 aWlf52 a^e>*S-&5!c7t¥S© 
tMU^S (-r**3^«BSS*ffi<B!l©v-r £ 7-f 

5 2 ©*ftBBo3aei) {cti^-n^en 1 o^m^^? 

nSo &*5. 0 2 (b) lC:}3^Tfi£$§rC*^;-r<£'7{;:, — 
^'fi'077'('7-l' 5 1 *5<fctf5 2<DtO<IO^®^ 

^{c^^nx^So 

[00 3 1] C5bT, -MO^^D77'('7^5 1 
5 2MMItct^ »©V-fi'D77^ 
7-T5 i©A«ffite*J«*n*B8»i:raURJg«0^» 

<fc3fc, — Jt©v-i'^D77'f7l' 5 1 &£XJ5 2fcb 
1 OOiffirfi^SlM=tXx-C*;bf >7^b— ***J» 

JKfig-T S fc J60 ^^WifS 5 JfcflUS b T \, ^ S « 

[0032] CUT', X-Ab^X4fcb ^eDtu{»J£y& 
St[Hl^¥«?3 1 OHtfflS&tf— abSo^CD^ffllJ 
Mlt^7D77-1 , 7^ 5 1 (DXMWttt— StfS 

fc^t*^S<ii:3b^*bv e bfcA^T, X-Al/y 
X4 li, TfeWc^^TSVHcJijiic^ffijpJfig^: 3O0b 
VXS^flAti/^ C fc^S* — -i" * a 7 
^^7^ 5 1 *5«fctf 5 2 0^i!l^®{CjgfigSnrcP3Jg 

*?o-^7tjs^t>o3t*t±x ^©jfi^tcBBesnfcsr^ 

*8D 6{cA*fTSo HgS'Htt, 3tWAX*^i:b 

[0 0 3 3] lallfrJt^iR? 3 1 It. mWK&ictt 

3 2-^4 ffigJgBRMfflOISlJff^*? 3 3 fcW t» 

3 1 ~ 3 3 it, ma a x Ksptf *mso«tsiiHi *> 

{ClslteRlBg^^-b-V h (I1I4E4E) 3 0 0±*c3a$«n 




(6) 



^mmmmommft^mT- 3 3 (Ditmiz-o^r 
[0034] cct% RBmmm<D®im¥m?3 1 1 
iH]#Tft^f^3 3 t<D?$<ow vmx.it, 3fJ1»^2 1 frZ 

<Djg^fcSoVTiWf 3§3 1 2 2 tc J: Off ton 

Otfton^o SE^St) 6<DBflP@©^b«:> 

ffll^2 1 *>?.CDJi^-lcS-^l/^TK){t-ri>^3iKffil)^2 4 io 

tct offton^o 

coo 3 5] raje«©MP8P**-r«tt»iK9 6&fn, 

fc—yiftMfrZ <Dft.lt s %2<D^l/^^—ft?&k£\s 

7.5 1 o tft&mcjm%;m?m*nm<fiiicmw-?z> 0 

fcfe. X-AWVX7l±s fsin0l/VXTfeotv IE 

<D;*;ff £*5«fcU t 8P.BN A t±, X— AUVX 7 (DM&SeM. 

[0 0 3 6] X-Ll/^XTii, (DtbfflMlOiM £ — M 
cov-Y^D?^^^ 5 lfcitf 5 2<D&fflJ«U5Bi:2>< 

l\> LfctfoT, X— AP>X7«U i 
VX^^T^SC: Ll\> X— so 

a i^X7 it, ffife<DmwTm&$m*mm&iic&<t-£ 

2 5{c<fcDffton5o 

[00 3 7] ftfc, 7^*1 0fc)tt^WteWa*Bf3£® 

fg, JftfcOrt*— ZsWrntitetirc-^Xir 1 O^rMMWtc 
i^— W5o C5LTs UU-}t^9a< ?X^7" 40 

[0 0 3 8] 1 0O^*->*a»Lfc3tJl5t±^ 

t> ^x/m 2*-A7z.mcmm%fflL%:tft>-&myt 
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x^M 2<D&nyemtg mshs) teiivx* 1 o 

[0 0 3 9] #:}3. -JS®^itT*f±, l^fcftSXr-? 
X- 7>K • y Vf— FMcLfdSt, ^x/nco^S© 

l 0±"POB8i«1IR«O«tt«iE*Jgfc:ifi 
t,^EJ£#T*&tK -SO^^D77^7^5 l*5<J:t>* 

5 2 o^wh^xmmmm^iEy3micm.^mm£ 

[0 0 4 0] —77. >»tt2f3tt*&4* l/^SX 

JSafcfijakOittffcfcAtf 1 : 3©JeJBttT?*»K - 
W<0?-1'7D75^7-1' 5 1 33£Zf5 2 O^/JnI^X 

SiRojgttfecnfcfflftiftjejettkftSo 
[004 1] *MmBmT°it, x-Au>X7©«u&ag 

«n*B3t«i«o*#*A^SE<b-r*o x-ai^ 

ffitCfettS^N A*Wtr5. —73. X-i»W>X4 

VX^l 0©^*— VffifC 

}i5*sn*H8iB««o^*«*'«{trr*{ii:a<x ?^ 

[0 0 4 2] Lfctfot^ **EBSJBI6T«\ X-AU> 

x 7 <Dto&mm*i9i&.<Dmtcja&.-t& c t ic «t k> , 

*^ 0-l/^T^^X/M 2±tc*3l / ^TF/fa<D^t^O®7t 

^gi^m^offitcK^-rsdktc.fcD, o± 

[0 0 4 3] Hu^LfctdJc, B0r^iR73 

l It, «S8^)ttt»c»bT»Blifi»J:«l«Sn, fiolWt 

ajBsawffloEiSTjt^iR? 32^4 mmfrwmm<D®ffi 
ft,^m^3 3t®K>%iz.Bjmcffii&znT^% 0 j^t. 

HJffft*llH t 3 1 »C«iLTia»r)tt**T3 2*3iD*3 3 

[0 0 4 4] li^^Wffl©|Hliff^^?3 2 It, ft 
M A X JC T A» -T % tefoWMWU ft^s:Wm^<D 
«»3t5Rte2E»-r*o lelJ/T7t¥^?3 2^/rLfcfft^« 
<D«»3tJllt±» X-Al^yX4^/rbfc:^ -^<0-7-Y 
^077^7^ 5 1 *3«tt>*5 2{CAl\f-r^o il?LT, 

7 i ciifj©v-('^D7^i'7i' 5 1 (oxmmicit. 
oaa^^snsc -^^7077^ 

7-f 5 1 *5 iZ>* 5 2 OftfflfljSfc^ffitetix ftmww-f 5 
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[0 0 4 5] — 4ffiSJg»Wffl©0Sf3t** : ?3 3 

4 «K©«»3tJRfcl:. X- 2*1^X4 SrfrL/cSL -*f 
©-?^o:7^-f 5 1 *5«fctF5 ZlcAM'tZ* 

y^-JTJ 5 1 fc£t/5 2©3HM«u£ffi{C«\ JtWM© 
C 4 @tt©— ^7feM*^fiRS c © 4 

^©ftisica^T 4 nmemm'ii 3 ) cttfr-z 

£ c CO^atC le]#T7^ift?3 1-3 311 &ytffi& 

[0 0 4 6] i:c5T% *HM0e»-e». -*t©v-r* 

D77^7^5 1 itf 5 E SiJStiftfS/hUVXS 

m<Dm$TWfc4mw*mALT^5o &tf. — *t©v-< 20 

Zvy^JTJ 5 1 35£ZS5 ZlC^xm&AXlcllQ-o 
Xttfc-?'<Z—tt<D'$i'l^yXSm5 1 a*5£ZJ5 2 a 
{cSgLT, clcDjS^fJB^-r^o M2 (b) fc^rT.i:'? 
{C, «»/JnUVXS^5 1 aliftM®l<Dmffiffim 1 fc&Bg 

*fffiffi!l©J8#Tffim 2 tic&n-zffiM-gftznai&Vz*^ 

U Ht/M^XS* 5 2 a tiJtWWOiaSfffim 3 fcffi^ 
*fBffiOOJSiff®m 4 fctC«t-oT^^nSMdlJB«** .■ 

[00 4 7] *||fiSJBJST*l±, ±*E© 4 0©®ifr® m 1 
~m4©?%©*i>fc< fct 1 OOliI?:« JtlftAXlC so 

S (y) = (y z /r) / U + (1 - 
[0 0 5 0] SttW^H Wb\s>XmM5 1 a©HJ/T 
ffim 1 OW^ft^¥S r 1 feilf^/hl^XSlS 5 2a 
©Sffrffim 3 ©BtjSffi^H r 3 fci\ fc*>iC2. 091 
(mm- 1 ) teKJeSftTVSo £fc^ |R/M^V^RiR5 

1 aOMImZOMft^r 2 6itf«/hUyX 
SiR 5 2a ©MflTSm 4 ©Btj&tt^g r4ii, t» »C 
-2. 09 1 (mm 1 ) fcR£?tlTV>«„ t' «o 
^T©JS#T®m 1 ~m 4 ©P3$ft£$U fct, i:£>lc-2. 

4 9tis^*nTi/^o 
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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a projection aligner 
which appropriately prevents ununiform illuminance, due to a 
wave front separation type optical integrator and satisfies 
uniformity of illuminance and the constant numerical 
apertures on the surface to be irradiated at the same time. 
SOLUTION: This aligner is provided with a light source 
means 1 for supplying an illumination light, a multiple light 
source formation means 5 for forming a number of light 
sources by using light fluxes emitted from the light source 
means, and a condenser optical system 7 for leading the 
light fluxes emitted from the light sources to surfaces 10 
and 12, to be irradiated or a surface optically conjugate with 
the surface to be irradiated. The microlens elements in the 
wave front split type optical integrators 51 an 52 as a 
multiple light source formation means has at least one 
refractive surface, that is formed nonspherical 
symmetrically to substantially parallel axial line to a 
reference light axis AX, in order to obtain an almost uniform 
luminance on the surface to be irradiated. 
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* NOTICES * 

JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** s hows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The light source means for supplying the illumination light, and the multi-light source means 
forming for forming much light sources based on the flux of light from this light source means, In 
illumination-light study equipment equipped with the capacitor optical system for leading optically the 
flux of light from the light source of said large number to a field [****] with an irradiated plane or this 
irradiated plane said multi-light source means forming It has the wavefront-splitting mold optical 
integrator which has many microlens elements. Each microlens element in said wavefront-splitting mold 
optical integrator Illumination-light study equipment characterized by having at least one refracting 
interface substantially formed in the shape of [ symmetrical ] the aspheric surface about the parallel axis 
to the criteria optical axis in order to obtain an almost uniform illuminance on said irradiated plane. 
[Claim 2] For at least one refracting interface which has the synthetic optical system of a large number 
which use the axis of parallel a large number as an optical axis substantially to said criteria optical axis, 
respectively, and was formed in the shape of [ said ] the aspheric surface, said wavefront-splitting mold 
optical integrator is illumination-light study equipment according to claim 1 characterized by being 
formed in the shape of [ predetermined ] the aspheric surface in order to suppress generating of the 
comatic aberration in said synthetic optical system good. 

[Claim 3] Illumination-light study equipment according to claim 1 or 2 characterized by having the 
alignment means for adjoining the incidence side of said wavefront-splitting mold optical integrator, the 
filter which has predetermined light transmittance distribution being arranged in order to amend the 
illuminance nonuniformity on said irradiated plane, and carrying out alignment of said wavefront- 
splitting mold optical integrator and said filter. 

[Claim 4] It is illumination-light study equipment given in claim 1 which said wavefront-splitting mold 
optical integrator has at least two optical element bundles arranged by separating spacing in accordance 
with said criteria optical axis, and is characterized by said at least two optical element bundles having 
the optical surface of the shape of said aspheric surface thru/or any 1 term of 3. 

[Claim 5] It is illumination-light study equipment according to claim 4 characterized by for said at least 
two optical element bundles having much synthetic optical system which consists of at least two 
microoptics elements which correspond along with said axis, respectively, and forming all the optical 
surfaces in said synthetic optical system in the shape of [ which has the same description mutually ] the 
aspheric surface. 

[Claim 6] Illumination-light study equipment according to claim 4 or 5 characterized by having the 
alignment means for carrying out alignment of said at least two optical element bundles mutually. 
[Claim 7] Said wavefront-splitting mold optical integrator is illumination-light study equipment given in 
claim 1 characterized by having said 1000 or more axes thru/or any 1 term of 6. 
[Claim 8] In the projection aligner which imprints the pattern prepared on the mask to up to a work 
piece Illumination-light study equipment given in claim 1 for illuminating said mask thru/or any 1 term 
of 7, It has the projection optics for carrying out projection exposure of the pattern of said mask to up to 
said work piece. Said illumination-light study equipment The projection aligner characterized by having 
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been arranged between said light source means and said multi-light source means forming, and having 
further the optical intensity-distribution modification means for changing into said multi-light source 
means forming the optical intensity distribution of the flux of light which carries out incidence. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the suitable illumination-light study equipment for the 
projection aligner for manufacturing a semiconductor device or a liquid crystal display component 
especially about the projection aligner equipped with illumination-light study equipment and this 
illumination-light study equipment. 
[0002] 

[Description of the Prior Art] For example, in case a semiconductor device or a liquid crystal display 
component is manufactured at a photolithography process, the projection aligner which imprints the 
pattern for an imprint formed in the mask to a photosensitive substrate like a wafer through projection 
optics is used. In this kind of typical projection aligner, the flux of light injected from the light source 
carries out incidence to a fly eye lens, and forms the secondary light source which becomes an after that 
side focal plane from many light source images. After the flux of light from the secondary light source is 
restricted through the aperture diaphragm arranged near the backside [ a fly eye lens ] focal plane, 
incidence of it is carried out to a condenser lens. An aperture diaphragm restricts to the configuration of 
the secondary light source, the configuration of a request of magnitude, or magnitude according to 
desired lighting conditions (exposure conditions). 

[0003] The flux of light condensed by the condenser lens illuminates in superposition the mask with 
which the predetermined pattern was formed. Image formation of the light which penetrated the pattern 
of a mask is carried out on a wafer through projection optics. In this way, on a wafer, projection 
exposure (imprint) of the mask pattern is carried out. In addition, it is indispensable to integrate highly 
the pattern formed in the mask and to imprint this detailed pattern correctly on a wafer to acquire 
uniform illumination distribution on a wafer. 

[0004] In recent years, the technique of changing the magnitude of the secondary light source formed of 
a fly eye lens, and changing the coherency sigma of lighting (sigma value = the pupil diameter of the 
diameter of an aperture diaphragm / projection optics or incidence side numerical aperture of the 
injection side numerical aperture / projection optics of a sigma value = illumination-light study system) 
attracts attention by changing the magnitude of opening (light transmission section) of the aperture 
diaphragm arranged at the injection side of a fly eye lens. Moreover, by setting up the configuration of 
opening of the aperture diaphragm arranged at the injection side of a fly eye lens the shape of zona 
orbicularis, and in the shape of 4 holes (the shape of namely, 4 poles), the configuration of the secondary 
light source formed of a fly eye lens is restricted the shape of zona orbicularis, and in the shape of 4 
poles, and the technique of raising the depth of focus and resolution of projection optics attracts 
attention. 
[0005] 

[Problem(s) to be Solved by the Invention] In this kind of projection aligner, since it corresponds to 
improvement in degrees of integration, such as the latest semiconductor device, very high image 
homogeneity is required of the whole exposure field on a photosensitive substrate. That is, the 
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illumination-light study equipment of a projection aligner requires the homogeneity of an illuminance, 
and the homogeneous both sides of a numerical aperture on very high level in the exposure field which 
is an irradiated plane. 

[0006] When the illuminance in an exposure field is not uniform (i.e., when an illuminance changes 
depending on the location in an exposure field), light exposure becomes an ununiformity and the line 
breadth of the pattern formed on a photosensitive substrate as a result becomes an ununiformity. 
Moreover, when the numerical aperture in an exposure field is not uniform (i.e., when numerical 
aperture changes depending on the location in an exposure field), spatial coherence becomes an 
ununiformity and the line breadth of the pattern formed on a photosensitive substrate as a result becomes 
an ununiformity. 

[0007] Generally, in an irradiated plane, the homogeneity of an illuminance and the homogeneity of 
numerical aperture cannot be filled with the illumination-light study equipment used for the 
conventional projection aligner to coincidence. Consequently, there was un-arranging [ that the line 
breadth of the pattern formed on the photosensitive substrate which is an irradiated plane became an 
ununiformity ]. The illuminance nonuniformity to which an illuminance falls in the shape of second 
[ about ] curve occurs as it originates in the amount of violations of sine condition of the fly eye lens as 
a wavefront-splitting mold optical integrator and specifically separates from an optical axis in an 
irradiated plane, even if it fulfills the homogeneity of the numerical aperture in an irradiated plane so 
that it may mention later. 

[0008] This invention is made in view of the above-mentioned technical problem, suppresses generating 
of the illuminance nonuniformity resulting from the wavefront-splitting mold optical integrator as multi- 
light source means forming good, and aims at offering the projection aligner equipped with the 
illumination-light study equipment and this illumination-light study equipment which can fulfill the 
homogeneity of an illuminance and the homogeneity of numerical aperture in an irradiated plane to 
coincidence. 
[0009] 

[Means for Solving the Problem] The light source means for supplying the illumination light in this 
invention, in order to solve said technical problem, The multi-light source means forming for forming 
much light sources based on the flux of light from this light source means, In illumination-light study 
equipment equipped with the capacitor optical system for leading optically the flux of light from the 
light source of said large number to a field [****] with an irradiated plane or this irradiated plane said 
multi-light source means forming It has the wavefront-splitting mold optical integrator which has many 
microlens elements. Each microlens element in said wavefront-splitting mold optical integrator In order 
to obtain an almost uniform illuminance on said irradiated plane, the illumination-light study equipment 
characterized by having at least one refracting interface substantially formed in the shape of 
[ symmetrical ] the aspheric surface about the parallel axis to the criteria optical axis is offered. 
[0010] In order to suppress generating of the comatic aberration in said synthetic optical system good, as 
for at least one refracting interface which has the synthetic optical system of a large number which use 
the axis of parallel a large number as an optical axis substantially to said criteria optical axis, 
respectively, and was formed in the shape of [ said ] the aspheric surface, it is [ said wavefront-splitting 
mold optical integrator ] desirable according to the desirable mode of this invention, to be formed in the 
shape of [ predetermined ] the aspheric surface. In this case, as for at least one refracting interface 
formed in the shape of [ said ] the aspheric surface, it is desirable to be formed in the shape of [ which 
suppresses generating of the spherical aberration in said synthetic optical system good ] the aspheric 
surface. 

[001 1] Moreover, according to the desirable mode of this invention, it is desirable to have the alignment 
means for adjoining the incidence side of said wavefront-splitting mold optical integrator, the filter 
which has predetermined light transmittance distribution being arranged in order to amend the 
illuminance nonuniformity on said irradiated plane, and carrying out alignment of said wavefront- 
splitting mold optical integrator and said filter. In this case, as for said alignment means, it is desirable to 
have the alignment mark formed in said wavefront-splitting mold optical integrator and the alignment 
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mark formed in said filter. 

[0012] Furthermore, according to the desirable mode of this invention, said wavefront-splitting mold 
optical integrator has at least two optical element bundles arranged by separating spacing in accordance 
with said criteria optical axis, and, as for said at least two optical element bundles, it is desirable to have 
the optical surface of the shape of said aspheric surface. In this case, said at least two optical element 
bundles have much synthetic optical system which consists of at least two microoptics elements which 
correspond along with said axis, respectively, and, as for all the optical surfaces in said synthetic optical 
system, it is desirable to be formed in the shape of [ which has the same description mutually ] the 
aspheric surface. 

[0013] Moreover, according to the desirable mode of this invention, it is desirable to have the alignment 
means for carrying out alignment of said at least two optical element bundles mutually. In this case, as 
for said alignment means, it is desirable to have the alignment mark formed in each of said at least two 
optical element bundles. Moreover, the incidence side of said wavefront-splitting mold optical integrator 
is adjoined, in order to amend the illuminance nonuniformity on said irradiated plane, the filter which 
has predetermined light transmittance distribution is arranged, and in order to carry out alignment of said 
at least two optical element bundles and said filter, it is desirable [ said alignment means ] to have the 
alignment mark formed in said filter. 

[0014] Moreover, according to another aspect of affairs of this invention, the pattern prepared on the 
mask is set to the projection aligner imprinted to up to a work piece. Illumination-light study equipment 
given in claim 1 for illuminating said mask thru/or any 1 term of 7, It has the projection optics for 
carrying out projection exposure of the pattern of said mask to up to said work piece. Said illumination- 
light study equipment It is arranged between said light source means and said multi-light source means 
forming, and the projection aligner characterized by having further the optical intensity-distribution 
modification means for changing into said multi-light source means forming the optical intensity 
distribution of the flux of light which carries out incidence is offered. 

[0015] In this case, it is desirable that only the lighting aperture diaphragm which has opening of a circle 
configuration mostly is arranged near the pupil surface of said illumination-light study equipment. 
Moreover, as for said lighting aperture diaphragm, it is desirable that said the diameter of opening is 
constituted by adjustable in this case, maintaining a circle configuration mostly. 
[0016] 

[Embodiment of the Invention] First, the conditions for satisfying the homogeneity of numerical 
aperture in illumination-light study equipment using a wavefront-splitting mold optical integrator as 
multi-light source means forming When the focal distance of the capacitor optical system which leads 
optically the flux of light from much light sources to a field [****] with an irradiated plane or an 
irradiated plane is set to F and the incident angle of the beam of light to capacitor optical system is set to 
theta, The distance (image quantity) Y from the optical axis of the location which carries out incidence 
to an irradiated plane or an irradiated plane optically in a field [****] i s satisfying the projection 
relation shown in the following formula (1). 
Y=Fsintheta(l) 

[0017] However, when capacitor optical system with which the projection relation of a formula (1) is 
filled was used, it was not able to originate in the amount of violations of sine condition of the 
wavefront-splitting mold optical integrator used as multi-light source means forming, and could not be 
satisfied with the illumination-light study equipment according to the conventional technique of the 
homogeneity of the illuminance in an irradiated plane. For example, the fly eye lens usually used as 
multi-light source means forming in the illumination-light study equipment of a projection aligner 
consists of a lens element of a large number which have a biconvex lens configuration. Thus, since there 
are only two refracting interfaces formed in the shape of the spherical surface in each lens element of a 
fly eye lens, the fly eye lens has not satisfied sine condition. 

[0018] Therefore, when the projection relation of capacitor optical system has satisfied the above- 
mentioned formula (1), it originates in the amount of violations of sine condition of a fly eye lens, and 
there is an inclination for an illuminance to fall in the shape of a quadratic curve mostly as it separates 
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from an optical axis in an irradiated plane. As mentioned above, even if it secures the homogeneity of 
numerical aperture using the capacitor optical system with which are satisfied of the projection relation 
of fsintheta shown in a formula (1), it turns out that the illuminance nonuniformity to which it applies on 
the outskirts from the center of an irradiated plane, and an illuminance falls in the shape of second 
[ about ] curve occurs. 

[0019] Then, it constituted from this invention so that it might have at least one refracting interface in 
which each microlens element was formed in the shape of [ symmetrical ] the aspheric surface about the 
axis almost parallel to a criteria optical axis using the wavefront-splitting mold optical integrator which 
has many microlens elements as multi-light source means forming, and the almost uniform illuminance 
has been obtained on the irradiated plane. It specifically has the synthetic optical system of a large 
number to which a wavefront-splitting mold optical integrator uses the axis of a large number almost 
parallel to a criteria optical axis as an optical axis, respectively, and at least one refracting interface is 
formed in the shape of [ predetermined ] the aspheric surface so that generating of the comatic 
aberration in this synthetic optical system may be suppressed good. 

[0020] Thus, in this invention, since the parameter on an optical design increases by introducing the 
aspheric surface into each microlens element, the design solution to becomes is easy to be acquired, and 
especially a design degree of freedom improves remarkably from a viewpoint of aberration amendment. 
Therefore, in a wavefront-splitting mold optical integrator, generating of comatic aberration can be 
suppressed good by it not only suppressing generating of spherical aberration good, but satisfying sine 
condition mostly. Consequently, generating of the illuminance nonuniformity resulting from multi-light 
source means forming can be suppressed good, and the homogeneity of an illuminance and the 
homogeneity of numerical aperture in an irradiated plane can be fulfilled to coincidence. 
[002 1 ] Therefore, the homogeneity of an illuminance and the homogeneity of numerical aperture in the 
exposure side of the photosensitive substrate which is an irradiated plane can be filled with the 
projection aligner incorporating the illumination-light study equipment of this invention to coincidence. 
Consequently, good high projection exposure of a throughput can be performed under good exposure 
conditions. Moreover, by the exposure approach which exposes the pattern of the mask arranged on an 
irradiated plane using the illumination-light study equipment of this invention on a photosensitive 
substrate, since projection exposure can be performed under good exposure conditions, good micro 
devices (a semiconductor device, an image sensor, a liquid crystal display component, thin film 
magnetic head, etc.) can be manufactured. 

[0022] The operation gestalt of this invention is explained based on an accompanying drawing. Draw ing 
1 is drawing showing roughly the configuration of the projection aligner equipped with the illumination- 
light study equipment concerning the operation gestalt of this invention. In addition, in drawing 1 , it is 
set up so that illumination-light study equipment may perform the usual circular lighting. The projection 
aligner of drawin g 1 is equipped with the excimer laser which supplies wavelength (248nm or 193nm) 
of light as the light source 1 for supplying exposure light (illumination light). After being orthopedically 
operated by the flux of light which has the cross section of the shape of a desired rectangle through 
plastic surgery optical system (un-illustrating), incidence of the almost parallel flux of light injected in 
accordance with the criteria optical axis AX from the light source 1 is carried out to the optical delay 
section 2. 

[0023] The flux of light which carried out incidence to the optical delay section 2 in accordance with the 
optical axis AX is divided into the flux of light which penetrates a half mirror 200, and the flux of light 
reflected by the half mirror 200. The flux of light reflected by the half mirror 200 returns to a half mirror 
200, after a sequential deviation is carried out in four reflective mirrors (un-illustrating) arranged so that 
the delay optical path of for example, a rectangle configuration may be formed. The flux of light 
reflected by the half mirror 200 after passing through a delay optical path once is injected in accordance 
with the same optical axis AX as the flux of light which penetrated the half mirror 200, without passing 
through a delay optical path, and an optical-path-length difference equal to the optical path length of a 
delay optical path is given between the two flux of lights. 

[0024] In this way, the flux of light which carries out incidence in accordance with an optical axis AX 
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by the optical delay section 2 is divided into two or more flux of lights in time, and an optical-path- 
length difference equal to the optical path length of a delay optical path is given between the two flux of 
lights which continue in time. Here, the optical-path-length difference given is set up more than the time 
coherence length of the flux of light from the source 1 of coherent light. Therefore, a coherency 
(coherency) can be reduced in the wave train divided by the optical delay section 2, and generating of 
the interference fringe in an illuminated field or a speckle can be suppressed good. In addition, in order 
to suppress generating of a speckle good, it is desirable to arrange the above optical delay sections to 
three steps in accordance with an optical axis AX. A configuration and an operation of this kind detailed 
to the pan about an optical delay means are indicated by for example, JP,1-198759,A, JP,1 1-174365,A 
and a Japanese-Patent- Application-No. No. 21591 [ 1 1 to ] specification, the drawing, etc. 
[0025] Incidence of the flux of light divided into the incoherent multiplex pulse in time through the 
optical delay section 2 is carried out to the diffracted-light study component (DOE) 3 1 . Generally, a 
diffracted-light study component is constituted by forming the level difference which has the pitch of 
wavelength extent of exposure light (illumination light) in a glass substrate, and has the operation which 
diffracts an incident beam at a desired include angle. Specifically, the diffracted-light study component 
31 for circular lighting is changed into the emission flux of light which has the cross section of a circle 
configuration for the almost parallel flux of light of the shape of a rectangle which carried out incidence 
in accordance with the optical axis AX. By the way, since there is effectiveness of reducing generating 
of the interference fringe in an illuminated field or a speckle in a diffracted-light study component, 
depending on the case, installation of the optical delay section 2 is also omissible. 
[0026] After the emission flux of light of the circle configuration through the diffracted-light study 
component 31 minds the zoom lens 4 as 1st capacitor optical system, incidence of it is carried out to the 
multi-light source means forming 5 which consisted of micro fly eyes 5 1 and 52 of a pair. In this way, 
the radiation field of a circle configuration is formed in the plane of incidence (namely, plane of 
incidence of the micro fly eye 51 by the side of the light source) of the multi-light source means forming 
5. And the magnitude (namely, the diameter) of the radiation field formed changes depending on the 
focal distance of a zoom lens 4. 

[0027] In addition, in order to avoid that the plane of incidence of the micro fly eye 51 and the injection 
side of the micro fly eye 52 are polluted by photochemical reaction, the plane of incidence of the micro 
fly eye 51 and the injection side of the micro fly eye 52 are adjoined, and the plane-parallel plates 53 
and 54 of a pair are arranged as cover glass, respectively. Therefore, what is necessary is to exchange 
only the cover glass 53 and 54 of a pair, without exchanging the micro fly eyes 51 and 52 of the pair by 
which alignment adjustment was carried out so that it may mention later even if contamination by 
photochemical reaction takes place. 

[0028] Draw ing 2 is drawing showing the configuration of the multi-light source means forming of 
drawin g 1 , (a) is drawing showing the configuration of each micro fly eye seen in accordance with the 
optical axis AX, and (b) is drawing showing an operation and cross-section configuration of the micro 
fly eye of a pair. Each micro fly eyes 5 1 and 52 are optical elements which consist of a microlens 
element 500 which has the forward refractive power of the shape of a rectangle of a large number 
arranged in all directions and densely, as it has the same basic configuration mutually and is shown in 
drawin g 2 (a) and (b). Each micro fly eyes 51 and 52 are constituted by performing etching processing 
to the parallel flat- surface glass plate 501 of a square configuration, and forming a microlens group in 
the field 502 of a circle configuration. 

[0029] Generally, each microlens element (each microoptics element) which constitutes a micro fly eye 
(optical element bundle) is minuter than each lens element which constitutes a fly eye lens. Moreover, 
unlike the fly eye lens which consists of a lens element isolated mutually, the micro fly eye is formed in 
one, without isolating many microlens elements mutually. However, the micro fly eye is the same as a 
fly eye lens at the point that the lens element which has forward refractive power is arranged in all 
directions. In addition, there are also very few twists and the number of the microlens elements which 
constitute a micro fly eye for clear-izing of a drawing is actually expressed with drawing 1 and drawing 
2. 
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[0030] Therefore, the flux of light which carried out incidence to the micro fly eyes 51 and 52 of a pair 
is divided by many microlens elements two-dimensional. And as a continuous line shows drawing 2 (b), 
the one light source is formed in a backside [ the synthetic optical system which consists of microlens 
elements 51a and 52a of a pair which correspond in accordance with an optical axis AX in the micro fly 
eyes 51 and 52 of a pair ] focal plane (the injection side of the micro fly eye 52 by the side of an 
irradiated plane near [ namely, ]), respectively. In addition, as a broken line shows drawing 2 (b), it is 
constituted so that a before [ the micro fly eyes 51 and 52 of a pair ] side focal plane may be in 
agreement with the plane of incidence of the micro fly eye 51 by the side of the light source. 
[0031] In this way, the a large number light source (henceforth the "secondary light source") of the same 
circle configuration as the radiation field formed in the plane of incidence of the micro fly eye 51 by the 
side of the light source is formed in a backside [ the micro fly eyes 51 and 52 of a pair ] focal plane. 
Thus, the micro fly eyes 51 and 52 of a pair constitute the multi-light source means forming 5 for 
constituting one wavefront-splitting mold optical integrator, as a result forming much light sources 
based on the flux of light from the light source 1 . 

[0032] Here, as for a zoom lens 4, it is desirable to cover the 3 times as many range as this, and to 
change a focal distance continuously so that the before side focal plane and the diffraction side of the 
diffracted-light study component 3 1 may be in agreement and an after that side focal plane and the plane 
of incidence of the micro fly eye 51 may be in agreement. Therefore, as for a zoom lens 4, it is desirable 
to have three movable lens groups mutually-independent in accordance with an optical axis. Incidence 
of the flux of light from the secondary light source of the circle configuration formed in the backside 
[ the micro fly eyes 51 and 52 of a pair ] focal plane is carried out to the tris diaphragm 6 arranged in the 
near. A tris diaphragm 6 is the lighting aperture diaphragm constituted so that the diameter of opening 
could be changed [ which was centered on the optical axis AX ] continuously, having opening (light 
transmission section) of a circle configuration mostly, and maintaining a circle configuration mostly. 
[0033] in addition — the diffracted light — study — a component — 31 — the illumination light — a way — 
receiving — insertion and detachment — free — constituting - having and — the zona orbicularis — 
deformation -- lighting — ** -- the diffracted light ~ study — a component — 32 — four — a pole — 
deformation — lighting — ** — the diffracted light — study — a component — 33 — a switch — possible — 
constituting — having — ****. Specifically, three diffracted-light study components 31-33 are supported 
on the turret (rotor plate) 300 pivotable to the circumference of a predetermined axis parallel to an 
optical axis AX. About an operation of the diffracted-light study component 32 for zona-orbicularis 
deformation lighting and the diffracted-light study component 33 for 4 pole deformation lighting, it 
mentions later. 

[0034] Here, the switch between the diffracted-light study component 31 for circular lighting, the 
diffracted-light study component 32 for zona-orbicularis deformation lighting, and the diffracted-light 
study component 33 for 4 pole deformation lighting is performed by the 1st drive system 22 which 
operates based on the command from a control system 21. Moreover, change of the focal distance of a 
zoom lens 4 is performed by the 2nd drive system 23 which operates based on the command from a 
control system 21 . Furthermore, change of the diameter of opening of a tris diaphragm 6 is performed by 
the 3rd drive system 24 which operates based on the command from a control system 21 . 
[0035] The light from the secondary light source through the tris diaphragm 6 which has opening of a 
circle configuration illuminates a predetermined side [****] in superposition optically with the mask 
10 mentioned later, after receiving a condensing operation of the zoom lens 7 as 2nd capacitor optical 
system. In addition, a zoom lens 7 is a fsintheta lens, and it is constituted so that sine condition may be 
satisfied (as a result, generating of comatic aberration is suppressed like). In this way, the radiation field 
of the shape of a rectangle [****/ the configuration of each microlens element which constitutes each 
micro fly eyes 51 and 52 ] is formed in this predetermined side. And rectangle-like the magnitude and 
Lighting NA of a radiation field which are formed in this predetermined side change depending on the 
focal distance of a zoom lens 7. 

[0036] As for a zoom lens 7, it is desirable to change a focal distance continuously so that the before 
side focal plane and a backside [ the micro fly eyes 51 and 52 of a pair ] focal plane may be in 
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agreement and an after that side focal plane and an above-mentioned predetermined side may be in 
agreement. Therefore, as for a zoom lens 7, it is desirable like a zoom lens 4 to have three movable lens 
groups mutually-independent in accordance with an optical axis. Thus, a zoom lens 7 is constituted so 
that a focal distance can be continuously changed in the predetermined range, and change of the focal 
distance is performed by the 4th drive system 25 which operates based on the command from a control 
system 21. 

[0037] In addition, the mask blind 8 as a lighting field diaphragm is optically arranged with the mask 10 
in the predetermined side [****]. The flux of light through opening (light transmission section) of the 
mask blind 8 carries out homogeneity lighting of the mask 1 0 with which the predetermined pattern was 
formed in superposition, after receiving a condensing operation of the relay optical system 9. In this 
way, the relay optical system 9 will form the image of opening of the shape of a rectangle of the mask 
blind 8 on a mask 10. 

[0038] The flux of light which penetrated the pattern of a mask 10 forms the image of a mask pattern 
through projection optics 1 1 on the wafer (or plate) 12 which is a photosensitive substrate as a work 
piece. In addition, the wafer 1 2 is held two-dimensional at the movable wafer stage 1 3 top in the flat 
surface which intersects perpendicularly with the optical axis AX of projection optics 1 1 . In this way, 
the pattern of a mask 10 is serially exposed by each exposure field (shot field) of a wafer 12 by 
performing one-shot exposure or scanning exposure (scan exposure), carrying out drive control of the 
wafer 12 two-dimensional. 

[0039] In addition, by the one-shot exposure method, a mask pattern is exposed in package to each 
exposure field of a wafer according to the so-called step-and-repeat method. In this case, the 
configuration of the lighting field on a mask 10 has the shape of a rectangle near a square, and turns into 
the shape of a rectangle also with the configuration of each microlens element of the micro fly eyes 5 1 
and 52 of a pair near a square. 

[0040] On the other hand, by the scanning exposure method, scanning exposure of the mask pattern is 
carried out to each exposure field of a wafer according to so-called step - and - scanning method, 
making a mask and a wafer displaced relatively to projection optics. In this case, the ratio of a shorter 
side and a long side has the shape of a rectangle of 1 :3, and the configuration of the lighting field on a 
mask 10 turns into the shape of a rectangle [****/ the configuration of each microlens element of the 
micro fly eyes 51 and 52 of a pair / this ]. 

[0041] With this operation gestalt, if the focal distance of a zoom lens 7 is changed, the lighting area 
size formed in the pattern side of a mask 10 and the exposure area size further formed in the exposure 
side of a wafer 12 will change. Moreover, the lighting NA in the pattern side of a mask 10 changes with 
change of the focal distance of a zoom lens 7. On the other hand, the lighting NA on a mask 10 changes, 
without the lighting area size formed in the pattern side of a mask 1 0 changing, if the focal distance of a 
zoom lens 4 is changed. 

[0042] Therefore, with this operation gestalt, by setting the focal distance of a zoom lens 7 as a 
predetermined value, if obtaining the lighting field of desired magnitude on a mask 1 0 pulls, it can 
obtain the exposure field of desired magnitude on a wafer 12. Moreover, by setting the focal distance of 
a zoom lens 4 as a predetermined value to the focal distance of the zoom lens 7 set as the predetermined 
value, if obtaining the lighting NA of desired magnitude on a mask 1 0 pulls, it can set up or adjust to a 
desired sigma value. 

[0043] furthermore — having mentioned above — as -- the diffracted light — study — a component — 31 - 

- the illumination light — a way — receiving — insertion and detachment — free — constituting — having - 

- and — the zona orbicularis — deformation — lighting — ** — the diffracted light — study — a component 

- 32 — four — a pole — deformation — lighting — ** — the diffracted light — study — a component — 33 - 

- a switch — possible — constituting — having ~ **** . By replacing with the diffracted-light study 
component 31, and setting up the diffracted-light study components 32 and 33 all over an illumination- 
light way hereafter, explains the zona-orbicularis deformation lighting and 4 pole deformation lighting 
which are obtained, respectively. 

[0044] The diffracted-light study component 32 for zona-orbicularis deformation lighting changes into 
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the zona-orbicularis-like emission flux of light the parallel flux of light of the rectangle cross section 
which carries out incidence in accordance with an optical axis AX. After the emission flux of light of the 
shape of zona orbicularis through the diffracted-light study component 32 minds a zoom lens 4, 
incidence of it is carried out to the micro fly eyes 51 and 52 of a pair. In this way, a zona-orbicularis-like 
radiation field is formed in the plane of incidence of the micro fly eye 51 by the side of the light source. 
Consequently, the secondary light source of the shape of same zona orbicularis as the radiation field 
formed in the plane of incidence of the micro fly eye 51 by the side of the light source is formed in a 
backside [ the micro fly eyes 5 1 and 52 of a pair ] focal plane, and zona-orbicularis deformation lighting 
can be performed based on the flux of light from the secondary light source of the shape of this zona 
orbicularis. 

[0045] On the other hand, the diffracted-light study component 33 for 4 pole deformation lighting 
changes into the 4 pole-like emission flux of light the parallel flux of light of the rectangle cross section 
which carries out incidence in accordance with an optical axis AX. After the emission flux of light of the 
shape of 4 poles through the diffracted-light study component 33 minds a zoom lens 4, incidence of it is 
carried out to the micro fly eyes 51 and 52 of a pair. In this way, a 4 pole-like radiation field is formed in 
the plane of incidence of the micro fly eye 5 1 by the side of the light source. Consequently, the 
secondary light source of the shape of same 4 poles as the radiation field formed in the plane of 
incidence of the micro fly eye 5 1 by the side of the light source is formed in a backside [ the micro fly 
eyes 51 and 52 of a pair ] focal plane, and 4 pole deformation lighting can be performed based on the 
flux of light from the secondary light source of the shape of these 4 poles. Thus, the diffracted-light 
study components 31-33 constitute the optical intensity-distribution modification means for changing 
into the multi-light source means forming 5 the optical intensity distribution of the flux of light which 
carries out incidence. 

[0046] By the way, the aspheric surface is introduced into the refracting interface of each microlens 
element which constitutes the micro fly eyes 51 and 52 of a pair with this operation gestalt. Hereafter, 
this point is explained paying attention to the microlens elements 51a and 52a of a pair which should 
correspond in accordance with an optical axis AX in the micro fly eyes 5 1 and 52 of a pair. As shown in 
draw ing 2 (b), microlens element 51a has both the convex configuration specified by the refracting 
interface ml by the side of the light source, and the refracting interface m2 by the side of an irradiated 
plane, and microlens element 52a has both the convex configuration specified by the refracting interface 
m3 by the side of the light source, and the refracting interface m4 by the side of an irradiated plane. 
[0047] With this operation gestalt, at least one of four above-mentioned refracting interfaces ml-m4 is 
formed in the shape of [ symmetrical ] the aspheric surface about an axis (medial-axis line) parallel to an 
optical axis AX. In this case, by installation of the aspheric surface, since the parameter on an optical 
design increases, the design solution to becomes is easy to be acquired, and especially a design degree of 
freedom improves remarkably from a viewpoint of aberration amendment. Therefore, in the synthetic 
optical system which consists of microlens elements 51a and 52a of a pair, generating of comatic 
aberration can be suppressed good by it not only suppressing generating of spherical aberration good, 
but satisfying sine condition mostly. Consequently, sine condition will be satisfied mostly, and the 
multi-light source means forming 5 which consists of micro fly eyes 5 1 and 52 of a pair can suppress 
generating of the illuminance nonuniformity resulting from the multi-light source means forming 5 
good, and can fill the homogeneity of an illuminance and the homogeneity of numerical aperture in an 
irradiated plane with this operation gestalt to coincidence. 

[0048] Hereafter, based on the concrete numerical example of the micro fly eyes 51 and 52 of a pair, it 
verifies about an operation of this operation gestalt. In addition, in the following numerical examples, 
four refracting interfaces ml-m4 shall be formed as a high gestalt of manufacturability in the shape of 
[ which has the description same mutual completely ] the aspheric surface. First, in a numerical 
example, the magnitude of each microlens element is set up with 0.54mmx0.2mm, and the refractive 
index n to the illumination light of each microlens element is set up with 1.508. Subsequently, both the 
shaft top thickness dl of microlens element 51a and the shaft top thickness d3 of microlens element 52a 
are set up with 1.3mm, and the axial sky mind spacing d2 with the microlens elements 51a and 52a of a 
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pair is set up with 0.53mm. 

[0049] And as mentioned above, four refracting interfaces ml-m4 are formed in the shape of [ which has 
the same description mutually ] the aspheric surface. In addition, when the aspheric surface sets the 
height of a direction perpendicular to a medial-axis line to y, distance (the amount of sags) which met 
the medial-axis line from the tangential plane of the top-most vertices of each aspheric surface in height 
y to each aspheric surface is set to S (y), the radius of curvature (top-most-vertices radius of curvature) 
of criteria is set to r and a cone constant is set to kappa, it is expressed with the following formulas (2). 
S (y) =(y2/r)/ { 1 +( 1 -kappa-y 2 / r2) 1 / 2 } (2) 

[0050] Specifically, both the top-most-vertices radius of curvature rl of the refracting interface ml of 
microlens element 51a and the top-most- vertices radius of curvature r3 of the refracting interface m3 of 
microlens element 52a are set as 2.091 (mm-1). Moreover, both the top-most-vertices radius of 
curvature r2 of the refracting interface m2 of microlens element 51a and the top-most-vertices radius of 
curvature r4 of the refracting interface m4 of microlens element 52a are set as -2.091 (mm-1). 
Furthermore, both the cone constants kappa of all the refracting interfaces ml-m4 are set as -2.49. 
[0051] In this way, both the focal distance of microlens element 51a and the focal distance of microlens 
element 52a are set to 2.29mm, and the synthetic focal distance of microlens element 51a and microlens 
element 52a is set to 1.7mm. In the multi-light source means forming 5 which consists of micro fly eyes 
51 and 52 of the pair constituted as mentioned above, spherical aberration is set to -0.025, a sine- 
condition dissatisfied amount is set to -0.002, and comatic aberration is set to -0.005. That is, it not only 
suppresses generating of spherical aberration good, but by satisfying sine condition mostly shows that it 
is possible to suppress generating of comatic aberration good by the above-mentioned numerical 
example which introduced the aspheric surface. 

[0052] In addition, in drawing 2 (a), the diameter of the field 502 of a circle configuration in which the 
microlens element 500 is formed is prescribed to correspond to the maximum sigma value which should 
be set up, for example, is set as about 86mm. Therefore, if the size of the microlens element 500 is set 
up with 0.54mmx0.2mm as shown in an above-mentioned numerical example, the effective number of 
the microlens element 500 formed in the field 502 of a circle configuration will become about 50,000 
pieces. In this case, since the very big wavefront-splitting effectiveness is acquired in the multi-light 
source means forming 5, generating of the illuminance nonuniformity on the mask 10 which is an 
irradiated plane, or a wafer 12 can be reduced. Consequently, even if it switches lighting conditions 
(modification of lighting parameters, such as a switch with circular lighting, zona-orbicularis 
deformation lighting, and 4 pole deformation lighting, lighting area size, and a sigma value, etc.), 
fluctuation of illuminance nonuniformity and change of telecentricity can be suppressed very small. 
[0053] Since the very big wavefront-splitting effectiveness is acquired in the multi-light source means 
forming 5, it becomes unnecessary moreover, to arrange the lighting aperture diaphragm which has 
zona-orbicularis-like opening and 4 pole-like (shape of multipole [ Generally ]) opening in the location 
of a tris diaphragm 6 on the occasion of zona-orbicularis deformation lighting or 4 pole deformation 
lighting. Namely, what is necessary is just to change the diameter of opening of a tris diaphragm 6 if 
needed, and to interrupt the excessive flux of lights, such as flare light, without performing a switch with 
a circular aperture diaphragm, a zona-orbicularis-like aperture diaphragm, and a 4 pole-like aperture 
diaphragm in linkage like the conventional technique, even if it performs a switch with circular lighting, 
zona-orbicularis deformation lighting, and 4 pole deformation lighting. If it puts in another way, 
arrangement of the lighting aperture diaphragm called the so-called sigma diaphragm can be omitted, 
and a configuration can be simplified. 

[0054] In addition, in this invention, in order to acquire sufficient wavefront-splitting effectiveness, it is 
desirable that the effective number of the microlens element which constitutes one micro fly eye is 1000 
or more pieces. In order to heighten the wavefront-splitting effectiveness furthermore, it is desirable that 
the effective number of a microlens element is 50000 or more pieces. Here, the effective number of the 
microlens element which constitutes one micro fly eye corresponds to the number of synthetic optical 
system, and the number of medial-axis lines (optical axis) parallel to the optical axis AX of each 
microlens element, as a result supports the number of wavefront splitting of the multi-light source means 
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forming 5. 

[0055] By the way, it is important to carry out alignment of the microlens element of a pair which the 
multi-light source means forming 5 is constituted from this operation gestalt by the micro fly eyes 51 
and 52 of a pair, and should correspond in accordance with an optical axis AX since the size and the 
focal distance of each microlens element are very small mutually, i.e., to carry out alignment of the 
micro fly eyes 51 and 52 of a pair mutually. It is necessary to carry out alignment of the microlens 
element of a pair which should correspond, without [ without it specifically carries out an advancing- 
side-by-side location gap two-dimensional into the field which intersects perpendicularly with an optical 
axis AX, and ] carrying out a rotation location gap into the field which intersects perpendicularly with an 
optical axis AX at the circumference of an optical axis AX. 

[0056] So, with this operation gestalt, as shown in drawing 2 (a), four alignment marks 503 are formed 
in the micro fly eyes 51 and 52 as an alignment means with the micro fly eyes 51 and 52 of a pair, 
respectively. Four alignment marks 503 are formed in the location corresponding to four square angles 
by vapor-depositing chromium on the outside of the field 502 of a circle configuration in which many 
microlens elements 500 were formed. Each alignment mark 503 has the location precision of about 1 
micrometer, and is formed, and the magnitude is about 2mm. 

[0057] Thus, the micro fly eyes 51 and 52 in which the alignment mark 503 was formed are supported 
by the attachment component 504 as shown in drawing 3 , and are positioned in the condition of having 
been attached all over the illumination-light way at another attachment component (un-illustrating). 
Opening 504a of the circle configuration corresponding to the field 502 of a circle configuration and 
opening 504b of four circle configurations corresponding to four alignment marks 503 are formed in the 
attachment component 504. Moreover, the drive system 505 which consisted of two or more 
micrometers is connected to the attachment component 504. And according to an operation of this drive 
system 505, while carrying out minute migration of the attachment component 504 positioned all over 
the illumination-light way along the direction of X, and the direction of Y, respectively, minute rotation 
of it is carried out at the circumference of an optical axis AX. 

[0058] On the occasion of alignment with the micro fly eyes 51 and 52 of a pair, four alignment marks 
formed in four alignment marks and the micro fly eye 52 which were formed in the micro fly eye 51 are 
observed through viewing or a magnifier, a microscope, etc. And at least one side of the attachment 
components of a pair is made to move slightly by the drive system 505 so that a corresponding 
alignment mark may be in agreement along the optical-axis AX direction. In this way, alignment of the 
microlens element of a pair which should correspond in accordance with carrying out alignment of the 
micro fly eyes 51 and 52 of a pair mutually, as a result an optical axis AX can be carried out mutually. 
In addition, it is good also as movable in the both sides of the attachment component 504 of a pair, and 
one side of the attachment component 504 of a pair is made movable, and it is good also considering 
another side as immobilization. 

[0059] In addition, how to observe a location gap of the microlens element of a pair which corresponds 
as other alignment approaches using an angle measuring equipment like an autocollimator can be 
considered. By this approach, after initializing an autocollimator in the condition of not inserting the 
micro fly eyes 5 1 and 52 of a pair all over an illumination-light way, the micro fly eyes 5 1 and 52 of a 
pair are inserted all over an illumination-light way, and alignment is performed based on the transmitted 
light flux of the microlens element of a pair. Moreover, the method of performing alignment is also 
considered by reading a location gap of the microlens element of a pair which observes the transmitted 
light flux of the microlens element of a pair under a microscope etc., and is observed within the visual 
field. 

[0060] It is known for illumination-light study equipment like this operation gestalt that will originate in 
the include-angle property of the antireflection film given to each lens which constitutes the zoom lens 7 
as capacitor optical system etc., and illuminance nonuniformity will occur. Here, an antireflection film 
vapor-deposits the thin film of the dielectric of two or more sheets on a lens front face, and is formed in 
it, amplitude splitting of the reflected light is carried out, and the reflected light is erased by shifting the 
phase of much light and making it interfere. Since it is controlled by membranous thickness, if whenever 
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[ incident angle / of the flux of light ] differ, a difference will generate how to shift a phase in the 
effectiveness of acid resisting. Generally by the optical system which uses a lens, the beam of light 
which penetrates the lens circumference bends more greatly, and an incident angle is large. On the other 
hand, since the antireflection film is designed to vertical incidence, light with a larger incident angle is 
easy to be reflected. Consequently, an illuminance serves as the inclination to fall in the shape of second 
[ about ] curve, so that image quantity is large in an irradiated plane, namely, as it separates from an 
optical axis. 

[0061] With this operation gestalt, the illuminance nonuniformity which originates in the include-angle 
property of an above-mentioned antireflection film etc., and is generated can be amended by arranging 
the filter with which the dot pattern of chromium was formed in the field by the side of the irradiated 
plane of cover glass 53. Here, the dot pattern formed in the field of the shape of a minute rectangle 
corresponding to the plane of incidence of each microlens element which constitutes the micro fly eye 
51 by the side of the light source is constituted so that the permeability of the core may be the smallest 
and permeability may increase gradually toward the circumference. It is necessary to carry out 
alignment of the minute dot pattern field of the shape of a rectangle formed in cover glass 53 also in this 
case, and each microlens element of the micro fly eye 5 1 by the side of the light source. This alignment 
can be performed like the alignment of the micro fly eye of a pair by forming in cover glass 53 the 
alignment mark mentioned above. 

[0062] In addition, an above-mentioned filter can be optically arranged near the field [****] with an 
irradiated plane, without being limited to the plane of incidence of the micro fly eye 5 1 by the side of the 
light source. Moreover, an above-mentioned dot pattern can also be directly formed in the plane of 
incidence of each microlens element which constitutes the micro fly eye 5 1 by the side of the light 
source. Moreover, above-mentioned illuminance nonuniformity can be amended by replacing with the 
cover glass 53 with which the dot pattern was formed, and arranging the filter with which permeability 
differs according to an incident angle in the pupil location (for example, the location or its conjugation 
side of a tris diaphragm 6) of illumination-light study equipment. 

[0063] Furthermore, how to amend above-mentioned illuminance nonuniformity is also considered by 
moving some lenses in the direction of an optical axis among two or more lenses which constitute the 
zoom lens 7 as capacitor optical system. However, many aberration like distortion (distortion aberration) 
not only occurs, but by this approach, lighting parameters, such as a sigma value, will change with 
change of the focal distance of a zoom lens 7. Moreover, as mentioned above, illuminance 
nonuniformity may be slightly changed with a switch of lighting conditions. In this case, on the occasion 
of a switch of lighting conditions, fluctuation of illuminance nonuniformity can also be amended by 
performing a switch of an above-mentioned filter etc. 

[0064] In addition, in an above-mentioned operation gestalt, although the micro fly eye of the arranged 
pair which separated spacing constitutes multi-light source means forming, at least two arranged optical 
element bundles which generally separated spacing can also constitute multi -light source means 
forming. Here, an optical element bundle is a concept containing the 2-dimensional array of a lens side, 
or the 2-dimensional array of a reflector. Moreover, in an above-mentioned operation gestalt, although 
the micro fly eye is formed by etching processing, a micro fly eye can also be formed, for example by 
the indentation method or the grinding method. 

[0065] Furthermore, in an above-mentioned operation gestalt, although the micro fly eye of a pair 
separates air spacing and is arranged, the spacing space can also be filled with inert gas or optical glass. 
In addition, when using the light source which supplies ultraviolet radiation shorter than predetermined 
wavelength, it is desirable to form a wavefront-splitting mold optical integrator using quartz glass or 
fluorite. Moreover, in an above-mentioned operation gestalt, although the micro fly eye is used as a 
wavefront-splitting mold optical integrator, a wavefront-splitting mold optical integrator like a fly eye 
lens can also be used, for example. In this case, in order to acquire sufficient wavefront-splitting 
effectiveness, it is desirable to constitute a fly eye lens from a sufficient number of lens elements. 
[0066] Furthermore, in an above-mentioned operation gestalt, although it constitutes so that the 
diffracted-light study component as an optical intensity-distribution modification means may be 
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positioned all over an illumination-light way by the turret method, an above-mentioned diffracted-light 
study component can also be switched, for example using a well-known slider style. By the way, the 
detailed explanation about the diffracted-light study component which can be used by this invention is 
indicated by the U.S. Pat. No. 5,850,300 official report etc. Moreover, with an above-mentioned 
operation gestalt, although the diffracted-light study component is used as an optical intensity- 
distribution modification means, a wavefront-splitting mold optical integrator like a fly eye lens or a 
micro fly eye can also be used, for example. 

[0067] Furthermore, with the above-mentioned operation gestalt, after it once forms a radiation field in a 
mask 10 and a predetermined side [****] and the mask blind 8 restricts the flux of light from this 
radiation field, the radiation field is formed on a mask 10 through the relay optical system 9. However, 
the configuration which forms a radiation field directly on the mask 10 which omitted the relay optical 
system 9 and has been arranged in the location of the mask blind 8 through a zoom lens 7 is also 
possible. Moreover, although the above-mentioned operation gestalt shows the example which forms the 
secondary 4 pole-like light source, the secondary 2 pole (the 2nd)-like light source or the secondary light 
source of the shape of a multipole like the shape of 8 poles (the 8th) can also be formed, for example. 
[0068] Furthermore, with an above-mentioned operation gestalt, although KrF excimer laser 
(wavelength: 248nm) and ArF excimer laser (wavelength: 193nm) are used as the light source, this 
invention is applicable also to the suitable light source which supplies other wavelength light containing 
g line or i line. Moreover, although the above-mentioned operation gestalt explained this invention 
taking the case of the projection aligner equipped with illumination-light study equipment, it is clear that 
this invention is applicable to the common illumination-light study equipment for carrying out 
homogeneity lighting of the irradiated planes other than a mask. 
[0069] 

[Effect of the Invention] With the illumination-light study equipment of this invention, as explained 
above, since the parameter on an optical design increases by introducing the aspheric surface into each 
microlens element of a wavefront-splitting mold optical integrator, the design solution to becomes is 
easy to be acquired, and especially a design degree of freedom improves remarkably from a viewpoint 
of aberration amendment. Therefore, in a wavefront-splitting mold optical integrator, generating of 
comatic aberration can be suppressed good by it not only suppressing generating of spherical aberration 
good, but satisfying sine condition mostly. Consequently, generating of the illuminance nonuniformity 
resulting from the wavefront-splitting mold optical integrator as multi-light source means forming can 
be suppressed good, and the homogeneity of an illuminance and the homogeneity of numerical aperture 
in an irradiated plane can be fulfilled to coincidence. 

[0070] Therefore, the homogeneity of an illuminance and the homogeneity of numerical aperture in the 
exposure side of the photosensitive substrate which is an irradiated plane can be filled with the 
projection aligner incorporating the illumination-light study equipment of this invention to coincidence. 
Consequently, good high projection exposure of a throughput can be performed under good exposure 
conditions. Moreover, by the exposure approach which exposes the pattern of the mask arranged on an 
irradiated plane using the illumination-light study equipment of this invention on a photosensitive 
substrate, since projection exposure can be performed under good exposure conditions, good micro 
devices (a semiconductor device, an image sensor, a liquid crystal display component, thin film 
magnetic head, etc.) can be manufactured. 
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* NOTICES * 

JPO and NCZPI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** shQ^yg th e word which can not be translated. 
3. In the drawings, any words are not translated. 
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